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Shis raport covers several areas of investigation in machanical trauma.
These are

1. Thi effect of oparativz traur,, u'op .l 0  function foilowinna minor abdominal
opRatios. Renal plasma ilo-wand fIltration rate appeared to increase
slightly but significantly after lessear abdominal operations. Following large
abdominal operations these functioazs are significantly depressed. Thoracic
operations even of great magnitude do not depress renal function ~
Ohat shock has not intarvened.

2. Re-nal tubula'r necrosis ard death in dog~s during hemorrhagic shock: Relation
to raathod of blood handling-. Morbidity and mortality in dogs subjected to
hemorrhagic shock ij diminished by the use of heparim and is also diminished
by the omission of all wetable surlaces from the exsanouination and re-

I transf-usion system.

3. Oxygen consumn.tion durin- shock in doas. Methods for meastiring oxygen
cons top tion during shock are described and the usefuln±ss of the measure-

mant of this paramecer is indicated.

NOTE: Copies of this rnort are filed with the Armad Services Technical
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SECTION I

TMiE EFFECT OF OPFrATIVE TRAUM UPON RENAL FUNCTION

During the L940's the marked effect of hemorrhagic and traumatic shock
,...on ih a,-dneys was amply demonstrated both eaperimantally and ,linically
in I-he classic studies of Lauson et al, Ph:llips at al, and Bywaters. These
o,.;ervations led investigatoru to question the effect operative trauma had
upon renal function as contrasted to the effect of shock. Anial in 1950,

~L f CL .U in 1951, and DOW.ardc-ir in 1953 and 1955 reporced on the effect
o; anesthesia and operation on renal function. All of these investigators
aj,reed that anesthesia per se had a profound depressing effect on renal
Iu,' flow and on glomerular filcration rate; however, operation itself

scaiad to add no further d--pression to these parameters and following the end
* of operation and anesthesia, renal function returned promptly to normal
Slevels within ten to fifteen minutes. These studies included patients under-

Loing a wide range of procedures from harn'. , repair to subtotal gastrectomy.

Following the unanimous reports Gf these investigators, little attetion
was given in the following years to the questio, of operative effects upon
rcnal function. Clinicians continued to note, however, that an occasional
patient following a major operation without apparent complications (no
,videnca of transfusion reaction, no evid.nce of prolonged shock at operation,
a,.d no ividence of pre-operative renal daa,-ge) developed acute renal failure
-ott-operatively. This was most cour only observed in patients followir..
rdzections of abdominal anaurysms. The predilection of the patient with
abdo ,inai aneurysm resection to suffer renal failure was pointed out by Doolan
at al, and by Powers. Powers siggested that this was a raflex phenomenon due
o the cross cla.,.ing of the ao;:ta and could be prevented by blocking the

nz.'ves of the renl pcdiclc. Oan.,on at al, Aukland, McGonigle at al, and Bery
at al Ihave luen unable to demonsLrate this reflex in dogs or in humans.

Recently, Kregcland (1960) and Cullick and Raisaz (1961) have reported
i:iat there is sone depression of renal f'iaction following major operations
which is not attributable to the direct effect of anesthesia. Krageland
found a 57. depression of the creatinina clearance in wore than half of the
patients he studied and Cullick and Raisz noted that the patients' ability to
r-.ise urine osmolarity was i.apaired follo-._'ng the operation in many instances.
This work has ]ad us Lo further evaluat. the problem of post-operativa cwtal
function.
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WERIALS AND MTODS

PAIl and Inulin clearances were dotermined the day before operation
and five hours after operation in a group of 43 patients. Patients 50 years
uZ ase and older were sclected as being a group which would be most likely
to show post-operative renal change. Pre-operative renal function was nael
as determined by urinalysis, serum urea nitrogen, and clinical hitozy. The
types o operations studied were classed as large abdominal operations,
incl ding subtotal gastrectomy and hemicolectomy; moderate abdominal opera-
tions, including exploratory laparotomy and biopsy, ohdlecystecto*W, vasotogi
and pyloroplasty; thoracic operations, including lobectomias and pnoumoneo-
tomies; and aWdominal aneurysm resections.

c '.he renal clearance tests were done according to the constant infusion
tcchnioue of Smith, Goldring and Chasis as modified by Shook. Infusion of
Iluids was regulated with a tunnel clamp. Ail clearances were studied for
a .inimum of three periods. During pre-operative periods in which urine
flow was high, period lengths of ten minutes were sometimes used. Post-
oparatively all periods were at least fifteen minutes in length and somtimsa hilf hour. Because of the recurrent question as to the effect of osmotios

on. renal flow, no osmotic diuretics were used to pruote renal flow either

pri or post-operatively. A multicyad straight catheter was used for bladder
drainage in male patients and a muhroom-tip.,ed catheter was used for bladder
drainage La female patients. Analytical mataods previously described
iv;e used (Shock 1946).

The pro-operative renal function lvels in these patients diminished
witn age as noted by Davics aad Shock, and Lowenstein et &l. The slope of
regression in age in these 2 studies and the present one were very close.

Individual results in all patients togetber with their man and standard
duviationa are recorded in the first table. Of the patients in the first
group undergoing minor intra-abiominal operations there were S patients ranging
in age from 56 to 84. Gloma'ular filcrarion rate rose at 5 hours after
operution in every patient. Renal plasma flow also Increased in some patients,
but this change was not at great or as consi. ent as the rise In glomsrular
filtration rate. The filtration fraction .so increased in 6 of the 0 patients
chielly due to tiie rise in zhe glomerular filtration rate.

The 5 : atient undergoin op,.rations on the chest ranged in age from
53 to 70. Z'.:y quizec in avery iustanc" lood transfusions to maintain them
during operation. Daspite this the rzjults in this group were not far different
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from those in the first group. Glorerular filtration rate rose somewhat and
a moderate increase in renal plasma flow was also seen although it was not
sound in all patients. Again filtration fraction was increased.

Those patients undergoing extensive intra-abdominal operations showed a
definite and significant fall in both ren~al plasma flow and in gloMrular
filtration rate. Filtration rate fell somewhat ltss than renal plasms flowHI resulting aain in increase in the filtration fraction.

Finally, in those patients operated on for abdominal aneuryams, both
renal plasma flow and glomerular filtration rate decreased after observation
wits a rise in the filtration fraction largely due to a greater fall in plaein
flow thzn in glomerular filtration rate. These changes were not markedly
different than those found in patients undergoing other major intr-abdomoal

!Ii O[ opur.tio,. Statistical analysis of the data was done and indicated the
*+ I luvels of significance noted in Table 2.

H ]DISCUSSION

These results indicata an increase in glomrula; filtration rate and
renal plasma flow after lesser &bdominal operatiors. These ,hanges are
significant and have not b;n previously reported. The reason that these
changes were not previously observed may be that many of the early workers
,olloved their patients through operation with repeated clearance detemina-
tions and for an hour or two after operation. When renal functions return to
normal at a point one or two hours post-oierativaly observations of renAl
lunctions were discontinjud. If functions had been studied over a longer perod
the changes reported here would presumably have been apparent. The cause for
thia increase is not entirely clear. The increase in glomrular filtration
ra e may be explaind as a result of constriction of the efferent Slomerular
vassels. The rise in renal plasma flow might be related to the transient
increase in cardiac output which has ben raported to follow less extensive
operations.

The patients who underwent thoracic operations showed no significant

difference from those patiarts undergoing minor intra-abdominal procedures.
All of C'ese patients required blood transfusions in the course of their
operations often amountinS to as much as 2 or 3 units compared to the previous
group, none of whom had required blood transfusions. It appears that trans-
fuaions per se do not play a role I., rens". functional changes after operation.
The observation that thoracic operations do not depress renal functional
changes in these older patients is of spec'ial interest considering the observa-
tions of Ladd in surveying renal functional changes in Korean "asualties. He
found thac pati nts following chest wouads were much less likely to have renal
functional epression and that post-per.ative renal failure was much less
coumn in this group of patients.
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Of the 15 patients undergoing larger abdominal operations ther* was a-
significant depression post-operatively in glonerular filtration rate and
renal plasma flow. These findings suggest that the postoperative depression
in renal functions my be affectad both by the site and by the mugnitude of tbe
ojeration. Such factors as the disturbance of the ureters in the course of[Ireflecting the peritonaun during colon resection and abdominal perineal

1 ~roscctioa and the pressure of packs on the kidney and ureters in the ourse
of both upper and lower abdominal operations may play a role in this. Again
it is puzzling why post-operative depressions following these larger opera-[Itiens; have not been noted. Review of most of the previous studis suggest

ZI however that not enough patients were studied to divide the operations
according to site as well as to magnitude. Moreover, the age Stoup* studied

wee not as homogenous as in the current study.

'IFinally, in thoce patients undergoing anuymrscindpeso in
Li .s no areater than that noted in other patients undergoing other larger

cbaominA1 operations and the difference between these two groups is not
steristically sionifi~ant. Beall has reported that renal functions in this
group of patients Arm depressed as lor as 24 to 48 hours post-operatively
vluen the normal pr- operative regimen of water deprivation after midnight La

1X2lcwd.Hi~s btudiss Indicate that this drop in renal function may beIrelated simply to dehydration. In any case, It would appear that cross
cluiapiing of the6 aorta is not the deca~ive cause for this decrease in renal
lunction since similar depressions are noted following similar abdomiral
operations in which cross lapping of the aorta is not done.

Decreases in ClomeruJlar filtration rate and in renal plasm flow can
produc" alterations in the scdiam reabrrption in the renal tubules. TheZor;,,

I It .'ppeears that post-operative changes in renal function, at least in the
first Zow hours after operation my account for some of the changes noted in

Iji poot-operative electrolyte excretion.
Since ale, of these studies here reporte'd were conducted in patients

50 year. of Age and over, conclusions must be confined to this age group. TheIIfindings sugest that it would bd worthwhile to conduct similar studies in
younger patients. Serial studies during the entire 24 or 48 hours post-
operative would be most useful.

SUMA.RY

I' Studies of -lomerular filtration rate, renal plasma flow, filtration freo-
tion in 29 patients after various typds of operations indicate that the site of
operation and the =agrnitude of operation aifect. these renal functions in patients
of this age group. Lesser Abdominal operations and chest operations are
follo,,ed by a modest bur. signif icane elevation of glomaerular filtration rate and
plasma flcw. Larger aodominal operations are associated with a significant drop
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in both renal plasma flow and Slorneular filtration rate aga a with a rue in
f lration fraction. The depression of renal function following abdominal
aneurysm resectiou does not appear t. differ from that sean in other abdominal
oeratior,# of similar magnitude

riIi

Ii !._ __ __ _ _
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V, ' C AT rA PIRE-OPE, AT1ON POST-OPEMTION,

laulin PAH Lion InulLn PAHl tion1 -NClearance Claana Fra.-  Claance clearance :ra¢-L~l btcc/min/1.73 cc/rain/1.73 tilon ccimin/1.73 €c/min/].,73 ti"
Nubo To ..... ' : ,, S.M., S9.11. ,.,, S%,.SqX

65 1.50 116 435 23.9 129 606 21.2
-.17 84 1.60 72 306 23.5 104 268 39.1

1 68 1.68 96 378 25.4 124 367 33.5

24 56 1.73 98 435 22.5 130 379 34.3

3I 3 72 1.73 96 466 20.6 124 466 26.6

, 73 1.50 63 296 21.3 71 309 22.9

f . , 1.55 45 150 23.3 65 188 30.4

43 70 1.73 105 366 28.7 119 472 25.2

I1 1.62 86.4 360.3 23.7 108.1 381.9 27.9
'Stdilw 0.10 23.93 109.5 2.53 24.87 134.2 6.36

g ST OPEBTION

2 53 1.73 104 646 15.8 111 502 22.0

9 70 1.40 77 327 23.6 82 370 22.0

o 1.30 133 626 21.0 149 548 27.3

56 1.90 121 648 18.6 190 754 25.2

64 62 1.73 78 401 19.4 49 466 1C.5

1.61 102.6 496.8 19.7 116.2 521.L 21.4
iza/Dev 0.49 25.16 151.9 2.56 . 55.30 142.3 6.33

h ABDOMDLUL ANEURYSMS

20 67 1.73 96 546 1-7.6 -- 440 --

23 68 1.82 69 340 20.1 15 53 28.6

28 63 2.00 84 253 33.2 35 165 21.1

I 53 2.05 124 r,3 23.3 134 552 24.2

i. 5 69.6 427.0 2.1 61.3 302.5 24.3
:1.3 127.2 .5 63.72 232.21 3.79
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S "EVACE

MG rfA ?I -OPEATION OI0&T R

Inulin PAII tion Tnulin PAR tion
Clearanme C1earance Frac- Clearance Clearmace 7raat
cc/in/1.73 cc/min/1.73 tion cc/min/1.73 cc/mW/1.73 tieo

EXnNSjVF INTR-ABDOMML 0?ERATIONS

82 1.68 74 26 83 21139.72t 63 28.1 52 131

7 61 1.60 88 297 29.6 66 275 24.0

1 7G 1.52 79 382 20.6 52 167 31.3

1U 54 1.10 89 327 27.2 16 59 26.3

11-3 51 1.73 141 788 17.8 159 713 22.0

1 .U1, 72 1.70 88 342 25.7 86 228 37.7

1 5 72 1.40 84 412 20.4 85 367 232

68 1.73 96 517 18.4 94 352 26.7

i 6r 1.45 81 320 25.3 100 384 26.1.

, 3 1.60 63 230 27.5 79 314 25.0

C. &4 1.48 114 663 16.9 79 293 27.0

J3 79 1.77 109 438 24.9 41 247 16.6

)5 1.48 41 346 11.7 26 34

3' ?4 1.73 86 451 19.0 61 363 168

I 77 1.73 122 509 24.0 164 663 24.8

1.58 85.2 419.6 22.4 77.34 44.7 25.4

0.18 24.8 170.5 5.09 41.84 149.3 7.86

I'

L i_ _ _ ,_ __ _



Loszt: aboi..a opcrations :~omparad with

~. o rp tia 0.5 0.4 0.8

Lr;, A.bdomina 01). 40.01 <0.01 0.2

Ari,;aysm 'I~ccionts e0.01 <0.01 <0.01

Aivmuysms comnpared with

,bdo:rai~l Op. 0.20 0.7 0.4
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SECTION Ii

TILE PRODUCTION OF REINAL TUBULAR NECROSIS IN DOGS

BY IIIIORRMIGIC SIIOCK AND TdE EFFECT OF BLD HANDLING

Snnntlmc ago whilo enr;:ged in some expcriiesnts on hemorrhagic shock, we
iwtud that alter long pcriods of moderate shock amall infarct-like .lsions were
foxnd in the renal tissue of doas. The extent and number of these lesions weae
' found to be related in soma degree to the amount of heparin that the animals
, given in the course of the expariments. On examining the literatue it
vu iound that theso findings duplicated and confirmed the finding. of Hardaway
u: , I xIto had reported that the haparinized dog was more resistant to hemorrhagic

tX ,k than the nonhpariaized animal and who had noted similar renal lesions as
we '.i as fusions elsoihere in his animals following varyLng periods of shock.
During cubsequent personal communication with Johnson and Hardaway, Johnson
I, no td that the m-thod in which blood was handled seemed to affect the extent and
:. ,uDar of renal lesions found and that the se lesions seemed to be related at
l~ast partly to the amount of wetable substances in the blood handling system
suh as glas and steel three-way stopcocks. On the basis of this observation
we emoarked on a project of evaluating the effect of both haparin and of non-
w:tal=e systems on the response of hemorrhs3ic shock in dogs.

=HTOD

A to ,l of 156 iongrel dogs were used. The dogs were restrained on an
a.i:'l operating table. Under local anesthes.a a cutdown was made over the
u.a.Pral artery and vein. The femoral artery w.as cannulated with a polyethylene
cannu;-,. When a v:etable system was used this cannula 3 connected by way of
th2 )oivethylene .ubinG to a regulation hospizal thr iay stopcock and then by
w.y oz irthar piautic tubing to a glass bottle. In u..., nonwetable system the
polyecltylane tubing was connected directly to a plastic tubing leading to a
plastic blood tranafusion bag. Blood was removed fron., the dogs by allowing them
to bleed into the receptacles at a given level so that they acted as "Lamson
oottl.os." Vie level of shock selected in all animals was moderate and a mean
,rei.ura of 90 rm. of mercury was maintained. Blood was returned to the
animals at the end of the shock period in the watable system by means of 4 glass
syringe attached to the three-way stopcock. i,. the non:etablte system blood was
returned to the anil.- by means of a pressure cuff around the plastic blood
transfusion bag. A cutdown was also done or the contralateral groin and a
cazheatr placed in the femoral artery on this side. This catheter was used to
sacsura blood prs ur in the animals by connecting it with a mercury manometer

II
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and it was also ui.ed for the collection of arterial blood samples. The animals
%a Cdivided into tive exparimuntal groups. In the first group (A) the animalo
-e given a total of a minimum of 100 nZ. of heparin and were bled into a

;.'crabl system. Dogs in this gro .p were subjected to periods of 2, 4 and 6
hourz of shock. In Group B the bama experimental setup was used except that
tn. ;,'o.nt of heparin given was reduced 50 mg. Periods of shock evaluated were
2, 4, 3 and 8 hours. Animals in Group C used the same experimental setup as
in the previous two groups, but no huparin at all was used. Blood in the

sua.,orvoir and in the tubing was kept liquid with the use of a standard ACD solu-
,ica. Theso dogs were subjected to pariods of shock of 1 or 2 hour-.. Longer
paiods rcjultcd in 100 per cent mortality and therefore attempts at evaluating
shock in animals of this group beyond the period of two hours were abandoned.I , X: in Group D were given no heparin and in addition a plastic nonwetable
cm(rvoir system was used in removing and replacing blood. Periode of shock of
2, 3 and 4 hours were evaluated. Dogs in Group E were not subjected to shock,
bt were treated by removing 50 cc of blood in a glass syringe from ons femoral
a.r.y a-. simultaneously replacing it with 50 cc of blood from another dog in
h contralateral femoral artery so that over the period of 2 hours of shock

a good deal more blood was exposed to ronwetable surfaces than in the previous
expariments, but the dogs were never in shock over this period.

RESULTS

The results are indicated in the table. It is apparent that ii those
aninuls treated with heparin and a wetable syste that the mortality rate was
rolatively low and that even after 6 hours of hemorrhagic shock only 2 of 9 of
these animals died. Reducing the amount of huparin by half, however, markedly
increased the mortality rate of the animrIs and in animals exposed to 6 hcu .
of moderate shock -he mortality rate was 47 per cent. Renal tissues taken from
those animals who survived 2 to 4 days following these experiments showed renal
tubular necrosis in 80 per cent of those animals subjected to 6 hours of shock,
Croup C indicates the dramatic difference produced by removing all heperin from
the system when dogs were permitted to hemorrhage into and to receive blood back
from L %iet&ele Aft-' c."] 21) :'-:Z -r-? " cf th:da-z
died and 70 per cent of the survivors showed obvious renal lesions. After 2
hours of shock using this system, 5 of 6, or 83 per cent, of the animals expired
and in the one surviving animal massive tubular necrosis occurred. Group D on
the other hand shows the response which follows hemorrhaging an animal into a
torally watable system. Here there were no deaths in any of the dogs after 2, 3
or 4 hours of shock. Examination of the renal tissues still showed occasional
small areas of renal necrosis. However, the -..mber of areas and the extent of
the lesions was much reduced and they war iound much more rarely than in the
dogs of Group C.

Fina.y, ezperimnts dascribed in Group E were pea'formed to determine what
1 h. effcct of blocd tandling alone was in these experiments. None of these
aninals were in shock and none of thaca died, although one of the five animals

~I
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did show a small area ot renal necrosis. This was quite tiny. The renal
tul.lar lesions Zound ir. these oxp4rii, nts we-cc scattered areas of cortical
ischenic nccrosis, in some instances involving almosot the entir* cortex.
Cr,,par.ng ttn,, with findings in humars, they resembled more closely the lesions
oZ ranzl cortical necrosis rathL-" than the lesions described in post-traumatio
r,.nal insufficiency. They also closely resembled the lesions found in dogs
tr~an.cd with epinephrine instilled into the renal artery such as reported by
,at.her et a.. Other tissues wore also examined in these dogs and areas of
izchcmrc necrosis were also found in the liver and in the small bowel. The
I hgo., lui.-s and brain were nevur found to be involved. The leseis appeared
:no0t comre:only in the kt.dneys, -anond most commonly in the liver and were found
lcast often in the small bowel.

[i CONCLUSIONS

D'ath and renal tubular necrosts during experimental hemorrhagic shock in
I . s _sarkedly affected by tha usa of hapavln. Hparin in large enoughI D ats will almos abolish both mortality and renal lesions during long periods

ii J rate shocL-. If no heparin is used the mortality in such experiments will
L,. high after relatively short periods of shock if a wetable system is used.
il a aonwetaLle system of handling blood is substituted, mortality is abolished
and although renal tubular lesions occasional ly occur they are mainor in comparison.
In peeparing standardized models of hemorrhagic shock in dogs strict attention
L ust be paid to the type of anticoagulation used, the amount used, the presen.e
or absence of wetable materials in the tubing and reservoir systems and the

Atian~ss with wLich the blood is handled.

I
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SECTION III

lj OXYGEN CONSUHPTION DURING SHOCK IN DOGS

In the fin"I analysis shock in man and animal is the result of failure to
p~opcrly maintain mtabolism at the Level of the cell. Many of the paramaters
tiich are measured in order to measure shock are at best indirect indications
of this fillure. One uv Lhe vw.L direct parameters which can bi measured is
the consumptiori of oxtygen by the animal during the period of stress. Main-
tenanco of adequate oxygen consumption indicates adequate delivery of oxygen
t o cell and utilization in the call. A diminishing oxygen consumption
indtcate, failure Qf delivery of oxygen to the cellular units and/or failure
of theose units to vtilize oxygen. As shock deepens both factors are probably
implicated. Guyton and Farish in 1959 devised an oxygen consumption recorder
w-L+ch thay have used successfully in measuring many of the variations in
oxygen consumption during the shock period. We feel that such an apparatus
has conjiderable research and clinical applicatiin and thus have currently
developed a device for monotoring oxygen com umpcio, and are applying it to a
number of research problems it, shock.

MATERIALS AND HETHODS

A standard spirometer was modified by replacing the tubing with standard
.nestnesia gas tubing and couplings. The output end of the spiromster was
cornected to the intake part of a standard Harvard variable rate and voume
piston respirator. Gas from the cylinder of the respirator was fed into the

og's tracheo-bronchial tree by way of a cuffed tracheal tube and the return
flow from the dog was fed back into the tank of the spiromater through anesthesia
tubing. By fixinZ the stroke rate and vlumo of the respirator at any level
habove the normal oxygen consumption of the experimental enimal and by filling.
th. tank of the ,jroieLr with oxygen, the oxygen consumption of the animal

U.uU%:A ")kUUUL.0UL %;&&LAUUb.Y vvL AL6 e-zULLJ ; LJL.Z L"C. AJUJ *
correuvption could Lz noted with each stro'ke of the respiromater so that total
response delay of the system was based on the stroke rate. A number of pre-
liminzry experirents have been performed using this device. During these
experimantj and vencus and art-rial oxygen in the experimental animals were
mreasu:ed at interva .s with the use of a Wilson-Jay gas chromotography unit.
Knowing both venous and arterial oxyrgen levels plus total oxygen consumption
allowed cardiac output to be calculated or. the basis of the effect principle
as previously noted by Guyton. Serum so-ium, potassium, C02, chloride, pH and

osmolarity wiere also msasuxed leriodically in our animals.
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I Stcaon III

In preliminary experimants oxygen consumption has been measured in 5
uatreated control aai, =ils, in 7 animals following spleenectomy, and in 12
animals in varying stages of saock.

b RESULTS

Thcso preliminary findings indicate that the described nachanism for

i.aaurin; oxygen consumption is reliable and reproducible. The lindinS of
ut;.rs tho, bhocl diminishes o.ygn consumption in relation to the degree of
blooj loss is co.fir and. It is noted that an oxygen debt is accuulatad
duriq, thr pariod of shock and that the ability of the expaormental aniinal to
i-ucover from shock appears roughly corrolated with his ability to restore his
oxy -ar debt followirg rotransfusion.

DISCUSSION

1 3
These initial experiments have encouraged us to feel that this method is

a us&.ble one for monetary shock and the methods of modif ication of shock in
ho experimental animal and in other clirical circumstances. It is anticipated
that the effectivauas of w.sopressors, vasocor.stri-tora, anticoagulants and
various dare-.- o! acidosis and alkylosis can be more effectively explored with
the use of this additional tool.

ui
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